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A METHOD AND APPARATUS FOR AN IMPROVED 
ANALOG ECHO CANCELLER 

SPECIFICATION 

FIELD OF THE INVRNTTON 

This application relates to telecommunication systems and, more 
specifically, to a method and apparatus for improving the functionality of a telephone 
hybrid circuit. The invention provides a means for sensing the communication signal 
on the bidirectional telephone line pair by incorporating a sense winding in a coupling 
transformer. Several benefits are provided by the apparatus using the sense winding 
including an improved signal-to-noise ratio at the receiver output port. 

BACKGROUND OF THE INVENTION 

A variety of two wire to four wire conversion circuits are used 
extensively in telecommunication networks. The conversion circuits typically 
exemplified are hybrid circuits. Hybrid circuits as used herein may also be referred to 
as analog echo canceller circuits. FIG. 1 is provided to illustrate the functionality of a 
hybrid circuit. 

A hybrid circuit typically has two half-duplex paths, a transmit pair 1 18 
and a receive pair 1 16, and a fiill-duplex bidirectional pair 1 12 of wires. The 
bidirectional pair may be, for example, a pair of telephone wires coupled from a 
customer location to a telephone central office (CO) or other facility. The 
bidirectional pair serves as a transmission channel for a signal from the customer 
location to a CO and for a signal fi-om the CO to the customer location. Hence at the 
CO, where a hybrid circuit is used, the bidirectional pair has a receive signal from the 
customer location and a transmit signal fi-om the CO. The hybrid circuit provides a 
means for separating the transmit signal and the receive signal at the CO. Persons 
working in the telecommunication field would appreciate the hybrid circuit can also 
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be used in data communication equipment at a customer location or elsewhere within 
telecommunication networks. 

Referring again to FIG.l there is shown a hybrid circuit. The hybrid 
circuit, as illustrated, is a four port device having a bidirectional port, a receive port, a 
transmit port, and a balancing impedance port. The bidirectional port is coupled to a 
bidirectional channel for bidirectional signal flow, i.e., transmit and receive signals 
flow on the bidirectional channel. The transmit port is the input for a transmit signal 
which is coupled by a transmit pair of wires. A portion of the transmit signal is 
coupled to the bidirectional channel for transmission to a far end location. The 
receive port is coupled to the bidirectional channel and receives a far end signal which 
is transmitted from the far end location. The receive port therefore contains a receive 
signal, where the receive signal is typically an attenuated version of the signal from 
the far end location. The balancing impedance port is coupled to an impedance 
approximately equal to the impedance of the bidirectional channel. 

An ideal hybrid circuit has no energy transferred from the transmit port 
to the receive port while maximizing energy from the transmitter to the bidirectional 
port and from the far end through the bidirectional port to the receiver. A figure of 
merit called the transhybrid loss is used as a measure of the amount of transmit signal 
contained in the receive signal. It is also important to consider the efficiency with 
which the transmit signal is transferred to the bidirectional port, and the receive signal 
is received from the bidirectional port when evaluating the overall performance of a 
hybrid circuit. 

An example of a conventional hybrid circuit is a passive circuit using 
specially wound transformers, such as described in Transmission Systems for 
Communications by Members of the Technical Staff at Bell Telephone Laboratories, 
1981. Conventional hybrid circuit designs include circuits with and without 
transfonmers and may use summing amplifiers for signal canceling, as opposed to the 
canceling magnetic flux arrangements of the hybrid cited in the above reference. Still 
other conventional circuits, such as the one disclosed by Hirohisa in Japanese Patent 
Publication 06068346, recognize the need to canceling out the effects of internal 
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resistance variations due to temperature variations of the transformer windings. 

SUMMARY OF THE INVENTION 

One objective of the present invention is to increase the signal-to-noise 
ratio (SNR) at the output of a receiver. The receive SNR depends upon the amount of 
far end (desirable) signal appearing at the receiver, as well as the amount of near end 
(undesirable) signal appearing at the receiver. An increase in SNR will provide a 
better bit error ratio and can also allow for an increase in transmission distance. In 
some data communication systems around a one dB increase in SNR will allow for an 
additional 500 feet of cable between transceivers, Le,, between the near end and far 
end locations. 

Another objective of the present invention is to remove the DC 
response ambiguity caused by variations of winding resistance in hybrid circuits using 
transformers. The variations of winding resistance between various transformers of a 
given kind and with temperature typically causes the transfer function of the hybrid 
circuit using a transformer to change at low frequencies. Hence there is a need to 
avoid the DC response ambiguity caused by temperature and component variations. 

In some hybrid circuits having transformers it is desirable that the pick- 
off signal be at a voltage level independent of either the far end voltage or the near end 
voltage. The circuit of the present invention, having a separate sense winding on the 
transformer, provides a means for independently adjusting the level of the pick-off 
signal by adjusting the number of tums in the sense winding. 

Another objective of the present invention is to reduce the effects 
transformer leakage inductance has on the replica transfer function. A reduction in 
these effects allows a hybrid circuit having a transformer to operate over a wider range 
of frequencies, thereby providing better hybrid performance. Further, it renders the 
hybrid circuit relatively insensitive to changes in leakage inductance with different 
transformers. 

Because analog systems in telecommunications systems may operate 
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with a variety of common-mode voltages and powder supply voltages, it is sometimes 
useful to have DC isolation between circuits. The present invention provides a means 
for providing DC isolation. 

The above objectives indicate there is a need for an improved method 
and apparatus for providing hybrid coupling. Further the apparatus and method 
should be cost effective and have parameters that may be changed to meet the needs of 
individual users. A sense winding on a transformer arranged as a coupling element 
serves to meet the above objectives. 

^ Thus, in accordance with a preferred embodiment of the present 
invention, an apparatus is provided for canceling a near end signal from a far end 
signal in a communication system having a bidirectional transmission medium. The 
apparatus includes: a transformer first winding for conveying the near end signal to 
the bidirectional transmission medium; a transformer second winding coupled to the 
first winding and the transmission medium for outputting the near end signal onto the 
bidirectional transmission medium; and a transformer sense winding galvanically 
isolated from both the first and second windings but coupled to the bidirectional 
transmission medium for receiving the far end signal from the bidirectional 
transmission medium and generating a sense winding output containing energy 
corresponding to both the near end signal and the far end signal. The apparatus 
further includes a replica network for generating a replica of the near end signal, and a 
receiver for combining the sense winding output and the replica to provide a receiver 
output signal that has a substantially reduced amount of near end energy. 

In another aspect of the present invention, a method of providing 
hybrid functionality is disclosed for a system in which near end and far end signals are 
transmitted and received on a bidirectional communications medium. The method 
includes the steps of: transmitting a near end signal on the bidirectional 
communications medium; receiving, at a transformer sense winding having an 
independently selectable number of turns and an independently selectable DC bias 
voltage, the far end signal from the bidirectional communications medium; providing, 
from the sense winding to a receiver, a sense winding output signal having energy 
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corresponding to both the near end and far end signals; generating a replica of the near 
end signal; providing the replica to the receiver; and combining, at the receiver, the 
sense winding output signal and the replica to generate a receiver output signal that 
has a substantially reduced amount of transmit energy. 



10 



BRIEF DESCRTPTION OF THE DRAWTNG?^ 

For a complete understanding of the present invention and the 
advantages thereof, reference is now made to the following description taken in 
conjunction with the accompanying drawings in which like reference numbers 
indicate like features and wherein: 

FIG. I illustrates a hybrid circuit used for two wire to four wire 
couplings in telecommunication networks; 

FIG. 2 is a prior art analog echo canceller circuit having a transformer 

coupling; 

FIG. 3 is an analog echo canceller circuit having a transformer with a 
15 sense winding in accordance with the present invention; 

FIG. 4 is a detailed illustration of an embodiment of the present 

invention; 

FIG. 5 is a flow chart illustrating the method of the present invention; 
FIG- 6 is an embodiment of the present invention incorporating 
20 balanced circuits. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

An arrangement of elements for a four wire to two wire coupling for 
telecommunications signals is shown in FIG. 1. The block diagram of FIG. 1 shows a 
hybrid circuit 110 having a foil-duplex bidirectional signal port 1 12 which is used to 
transfer information in two directions. A half-duplex transmit port 1 1 8 of the hybrid 
circuit couples a transmit signal from transmitter 120. A far end signal is coupled to a 
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half-duplex receive port 116 and conditioned by a receiver 130. An impedance 
balancing port 1 14 of the hybrid couples a balancing network 140 to the hybrid circuit 
1 10 and is typically considered part of the hybrid circuit. The hybrid circuit of FIG. 1 
is used in a variety of locations in a teleconununication network, familiar to those 
skilled in the telecommunications arts. 

A prior art hybrid circuit 200 as shown in FIG. 2 provides the 
functionality as shown in the block diagram of FIG. 1. As shown in FIG. 2, a 
transmitter 280 includes a single-ended line driver or transmit amplifier 210 for 
converting a transmit signal to a near end voltage (V^^). The near end voltage (V^e) 
represents a near end signal which can be, for example, a voice signal, a data signal or 
other telecommunication signal. The near end voltage couples energy through source 
impedance (Zs) 212 to a transformer 240. The transformer receives the near end 
energy at a first winding (Wl) 242 and couples the energy to a second winding (W2) 
246 allowing near end energy to flow in the ftiU-duplex bidirectional path 250. 

Signals from the far end are coupled from the fijll-duplex path 250 
through transformer 240 and presented to a receiver 290, which includes a single- 
ended receive amplifier 230 having an inverting input 234. A far end voltage (V^^) at 
the second winding 246 of the transformer, represents the far end signal. A pick-off 
node 217, where the far end signal is picked-off, is the junction of source impedance 
(Zs) 212 and first winding of the transformer 242. The cable impedance (Zc) 260 is 
the impedance of the bidirectional channel seen looking towards the source of the far 
end signal. 

As further shown in FIG. 2, the pick-off node 217 has a pick-off 
voltage (Vpo). The pick-off voltage (Vpo) is composed of the desired far-end signal, 
and the undesired near-end signal, Le^, undesired at the receive signal port. To cancel 
the near-end component of the pick-off voltage (Vpo), a replica voltage (Vr), for 
example, can be applied to a signal combining device such as the receive amplifier 
230 of FIG. 2. The replica voltage (Vr) is generated by a replica network 218. The 
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replica network may be, for example, a series arrangement of a source impedance 
(Zsr) 2 14 for the replica and a replica impedance (Z^.r) 2 1 6. Ideally, the replica 
network transfer function, (VrA^^e) is equal to the pick-off transfer function 
(VpcAne)- Further, for the ideal case, the near-end signal is completely canceled at 
the output of receive amplifier 230 and the output serves as the receive signal port. 

Note that the presence of a first winding resistance 271 and a second 
winding resistance 272 in the transformer 240 attenuates the far end signal and 
increases the near end signal received at the pick-off point. These undesirable effects 
of winding resistance are reduced by the present invention, as will be seen upon the 
discussion of FIG. 3. 

FIG. 3 shows an embodiment of the present invention. As discussed 
with respect to FIG. 2, FIG.3 includes a source impedance (Zj) 212 for coupling the 
near end voltage (V^) to the bidirectional path 250. Similarly, the far end signal 
(Vfe) is coupled to a sense winding 348 in sense transformer 340. The pick-off point 
(Vs) 450, however, is now the output of the sense winding and thus the pick-off point 
217 of FIG. 2 has effectively been moved to inside the transformer 340. The sense 
winding 348, which is galvanically isolated from and magnetically coupled to the first 
and second windings 342 and 346, is coupled to the inverting terminal 234 which has 
a relatively high input impedance. The sense winding pick-off point 450 has more 
far-end signal and less near-end signal than the pick-off point 217 of the prior art 
circuit of FIG. 2. Further, the sense winding 348 has an independently selectable 
number of turns ratio for optimizing the signal-to-noise ratio of the received far end 
signal, and is biased at an independently selectable DC voltage so as to allow for 
compatibility with various types of receiver circuits. 

The replica network 3 1 8 in FIG. 3, by way of example and not 
limitation, is shown as comprising a series arrangement of impedances Zjr 314 and 
ZwsR 316, wherein Zsr and Z^sr are selected so as to match the transfer functions 
VrA^^ and VsA^^. 

FIG. 4 is equivalent to FIG. 3, where the sense transformer 340 is 
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replaced by an equivalent T-model. The T-model clearly shows how the pick-off 
point has moved from the left side of the transformer to the center of the transformer 
450*, increasing the far-end signal and decreasing the near-end signal at the pick-off 
point. For example, the windings of the sense transformer are shown with a 1 : 1 turns 
ratio. Sense transformers with a variety of turns ratios fall within the scope of the 
present invention. 

The T-model of FIG. 4 further shows leakage inductances L^i 412 and 
L^2 418. Once again, the sense winding is used beneficially, this time to mitigate the 
effect of the leakage inductance. Communications systems are typically configured so 
that Zs approximately matches the impedance looking into bidirectional cable 250. 
Since L^, and L^^ are approximately equal in most transformers, their contribution to 
the transfer function Vs^ne is minimized because of numerator and denominator 
canceling effects. 

In summary, the circuit of FIG. 4 provides a means for two wire to four 
wire coupling. The signal from the transmit amplifier 210 is coupled through the 
sense transformer 340 to the bidirectional path 250. The far end signal is coupled to 
and through the receive amplifier 230 such that the output of the receive amplifier 230 
contains a substantially reduced amount of near end energy along with received far 
end energy. The novel arrangement of elements in FIG. 4 eliminates DC ambiguity 
since DC signals cannot be coupled through the transformer. Further, the leakage 
inductance effects on the replica transfer function are significantly reduced when a 
sense winding serves as a pick-off point. The voltage signal Vg across the sense 
winding 348, which represents a pick-off voltage closer to the bidirectional 
transmission medium and which is a scaled representation of the voltage at node 450*, 
is coupled to the inverting input 234 of the receive amplifier 230. Thus, the voltage 
signal Vs contains more of the far end signal and less of the near end signal, thereby 
increasing the SNR at the output of the receive amplifier 230. In addition, since the 
sense winding may be galvanically isolated from windings Wl and W2, the sense 
winding can have a different DC voltage or reference voltage from either winding Wl 
or W2. By contrast, the reference voltage for the receive amplifier in the prior art 
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circuit 200 is always the same as that for the transmit amplifier. 

Referring again to FIG. 3, the embodiment of the analog echo canceller 
circuit shown therein includes a transmitter 280 having a single-ended line driver, Le,, 
transmit amplifier 210, and a receiver 290 having a single-ended receive amplifier 
5 230. Alternatively, the analog echo canceller of the present invention can be 
constructed and arranged to include a balanced circuit as shown in the preferred 
embodiment of FIG. 6. Those skilled in the art would appreciate that the balanced 
circuit as shown in FIG. 6 typically yields a better signal-to-noise ratio, processes 
wider signal swings, and rejects distortion and common mode noise better than the 
10 single-ended circuit of FIG. 3. 

As shown in FIG. 6, the present embodiment of the analog echo 
canceller includes a balanced circuit in the transmitter having two matched voltage 
sources 610 and 612. The voltage sources 610 and 612, as shown by example and not 
limitation, can be coupled across two replica circuits 618 and 620, which are 
optionally coupled to a bias node 622 as shown in FIG. 6. Each replica circuit 61 8 
and 620 is fiirther coupled to corresponding matching source impedances (Zsb) 614 
and 616, respectively, which are in turn coupled to a first winding 642 of sense 
transformer 640. The first winding 642 is in turn coupled to a second winding 646, 
which itself is coupled to a bidirectional path 250. According to the embodiment of 
20 FIG. 6, half the near end signal (V^,) is provided by voltage source 6 1 0 and half 

(Vne2) by voltage source 612. Replica signals Vr, and V^^ corresponding to V^, and 
Vne2. respectively, are generated by replica circuits 61 8 and 620, respectively. 

On the receive side, a far end signal (Vpe) is applied to a sense winding 
648 in the sense transformer 640. The sense winding 648, which may include a center 
tap 650, is galvanically isolated fi-om both the first and second windings 642 and 646 
and is coupled to two receive amplifiers 630 and 632. The center tap 650 of the sense 
winding 648 may be grounded or biased at an independently selectable DC voltage 
level Vbias or left unconnected. As such, the receive amplifiers 630 and 632 each 
combine the pick-off voltage signal Vg, which contains near end energy and far end 
energy, with replicas from 618 and 620 representing the corresponding near end 
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portions. Each amplifier thus outputs signals Vqut, and Vour2 that have substantially 
reduced amounts of the corresponding near end signals V^e, and V^^. 

As for further details of the circuit of FIG. 6, those skilled in the art 
would appreciate that values for the components, gain settings, and other design 
parameters are determined using accepted engineering design practices in conjunction 
with the teachings of the embodiment of FIG. 3. 

A flow chart showing the method of the present invention is provided 
by FIG. 5. A near end signal is transmitted, step 510, and energy in the near end 
signal goes to a sense winding and to a replica network for generating a replica. 
Energy from a far end signal is received at the sense winding, step 520. Both near end 
energy and far end energy is coupled to the sense winding. The voltage across the 
sense winding is provided to a receiver, step 530, or more specifically to the inverting 
input of a receive amplifier. In addition, a replica of the near end signal is generated, 
step 540, and provided to a non-inverting input of the receive amplifier, step 550. The 
1 5 voltage across the sense winding and replica are combined by the receive amplifier, 
thereby generating a receive signal containing mostly far end energy, step 560. 
According to the preferred method of the present invention, the sense winding has an 
independently selectable number of turns for optimizing the signal-to-noise ratio of 
the received far end signal, and is biased at an independently selectable DC voltage so 
20 as to allow for compatibility with various types of receiver circuits. 

If the amount of near end energy in the receive signal is to be kept 
small, then the transfer function from the output of the transmit amplifier to the input 
of the receive amplifier must be matched by that of the replica transfer function 
generating circuit. 



25 



From the foregoing, it will be observed that numerous variations and 
modifications may be effected without departing from the spirit and scope of the novel 
concept of the invention. It is to be understood that no limitation with respect to the 
specific methods and apparatus illustrated herein is intended or should be inferred. It 
is, of course, intended to cover by the appended claims all such modifications as fall 
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within the scope of the claims. 
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CLAIMS 

1 . In a communication system having a bidirectional transmission 
medium, an apparams for canceling a near end signal from a far end signal, said 
apparatus comprising: 

a transformer first winding for conveying said near end signal to said 
bidirectional transmission medium; 

a transformer second winding coupled to said first winding and said 
transmission medium for outputting said near end signal onto said bidirectional 
transmission medium; 

a transformer sense winding galvanically isolated from both said first 
and second windings but coupled to said bidirectional transmission medium for 
receiving said far end signal from said bidirectional transmission medium and 
generating a sense winding output containing energy corresponding to both said near 
end signal and said far end signal; 

a replica network for generating a replica of said near end signal; and 
a receiver for combining said sense winding output and said replica to 

provide a receiver output signal that has a substantially reduced amount of near end 

energy. 



2. The apparatus according to claim 1 , wherein said sense winding 
has an independently selectable number of turns for optimizing the signal-to-noise 
ratio of said received far end signal. 



3. The apparatus according to claim 1 , wherein said sense winding 
is biased at an independently selectable DC voltage level for providing compatibility 
with various types of receiver circuits. 
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4. The apparatus according to claim I , wiierein said replica 
network is a series arrangement of impedances. 



5. The apparatus according to claim 1, further comprising a 
transmitter having a transmit amplifier for providing said near end signal to said first 
5 winding. 



6. The apparatus according to claim 1 , wherein said receiver 
comprises a receive amplifier for subtracting said replica from said sense winding 
output. 



7. The apparatus according to claim 1, further comprising a 
10 transmitter having a balanced circuit for providing said near end signal to said first 
winding and wherein: 

said replica network comprises two replica circuits for generating 

replicas; and 

said receiver combines said replicas and said sense winding outputs to 
1 5 provide receiver output signals that have substantially reduced amounts of said near 
end signal. 



8. The apparatus according to claim 1, wherein said sense winding 
comprises a center tap. 



9. The apparatus according to claim 8, wherein said center tap is 

20 grounded. 



1 0. The apparatus according to claim 8, wherein said center tap is 
biased at a DC voltage level. 
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II. In a communication system having a transmit amplifier and a 
receive amplifier wherein said transmit amplifier amplifies a near end signal and said 
receive amplifier amplifies a received far end signal, an echo canceling circuit 
comprising: 

means for simultaneously applying said near end signal and said far 
end signal to a first terminal of said receive amplifier; 

means for generating and coupling a replica of said near end signal to a 
second terminal of said receive amplifier; and 

means for combining said replica, said near end signal and said far end 
signal to generate a receive amplifier output that has a substantially reduced amount of 
near end energy. 



12. In a communication system having a balanced circuit in a 
transmitter for driving a near end signal onto a bidirectional transmission medium and 
a receiver for receiving a far end signal, an echo canceling circuit comprising: 

means for simultaneously coupling said near end signal and far end 
signal to said receiver; 

means for generating and coupling replicas of said near end signal to 
said receiver; and 

means for combining said replicas, said near end signal and far end 
signal to generate receive amplifier outputs that have substantially reduced amounts of 
near end energy. 



13. An apparatus for canceling a near end signal from a far end 
signal, the apparatus comprising: 

a transformer sense winding having an independently selectable pick- 
off voltage and an independently selectable DC bias voltage, wherein said pick-off 
voltage represents a signal containing energy from both said near end signal and said 



I 



wo 00/39986 PCT/US99/3n28 

15 

far end signal; 

means for generating a replica of said near end signal; and 

means for combining said pick-off voltage and said replica, wherein 

the output of the combining means is a receive signal that has a substantially reduced 

amount of near end energy. 



1 4. An apparatus for canceling a near end signal from a far end 
signal, the apparatus comprising: 

a transformer sense winding having and an independently selectable 
pick-off voltages and a center tap having an independently selectable DC bias voltage, 
1 0 wherein said pick-off voltages represent signals containing energy from both near end 
signal and said far end signal components; 

means for generating replicas of said near end signal; and 
means for combining said pick-off voltages and said replicas, wherein 
the outputs of the combining means are receive signals that have substantially reduced 
15 amounts of near end energy. 



15. In a system for transmitting a near end signal and receiving a 
far end signal on a bidirectional communications medium, a method of providing 
hybrid functionality comprising the steps of: 

transmitting a near end signal on said bidirectional communications 

20 medium; 

receiving, at a galvanically isolated transformer sense wdnding having 
an independently selectable number of turns and an independently selectable DC bias 
voltage, said far end signal from said bidirectional conmiunications medium; 

providing, from said transformer sense winding to a receiver, a sense 
25 winding output signal having energy corresponding to both said near end and far end 
signals; 
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generating a replica of said near end signal; 
providing said replica to said receiver; and 

combining, at said receiver, said sense winding output signal and said 
replica to generate a receiver output signal that has a substantially reduced amount of 
5 near end energy. 



16. In a system having a balanced transmitter for transmitting a 
near end signal and a receiver for receiving a far end signal on a bidirectional 
communications medium, a method of providing hybrid ftmctionality comprising the 
steps of: 

transmitting said near end signal on said bidirectional communications 

medium; 

receiving, at a transformer sense winding having an independently 
selectable number of tums and an independently selectable DC bias voltage, said far 
end signal from said bidirectional communications medium; 

providing, from said sense winding to said receiver, a sense winding 
output signal having energy corresponding to both said near end and far end signals; 
generating replicas of said near end signal; 
providing said replicas to said receiver; and 

combining, at said receiver, said sense winding output signals and said 
replicas to generate receiver output signals that have substantially reduced amounts of 
near end energy. 
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